INTRODUCTION
============

Colonoscopy is now widely accepted as the standard method for the early detection of colon cancer. However, the miss rate for colon neoplasms, especially small-sized polyps, makes this method imperfect, and may lead to failure to prevent colon cancer.[@B1] Poor bowel preparation is one of the factors associated with the an increased miss rate for colon polyps.[@B2] Poor bowel preparation not only increases the risk of missing lesions, but also leads to canceled procedures, prolonged procedural times, and increased costs and rates of complcations.[@B3],[@B4],[@B5] Hence, bowel preparation adequacy is gaining importance in both screening and surveillance tests. Some predictors, such as inactive lifestyles, diabetes, and cirrhosis have been suggested to be associated with poor bowel preparation. A method is required for predicting bowel preparation quality before initiating procedures. Patients are often asked about the appearance of their rectal effluents as a means of predicting bowel preparation before colonoscopy, but previous studies have suggested that patient self-assessment of bowel preparation is not reliable and is weakly correlated with bowel preparation statuses assessed by endoscopists.[@B6],[@B7] However, in these earlier studies, the questions related to rectal effluents were not objective. Accordingly, we aimed to evaluate whether photographic examples of rectal effluents could improve correlations between patient descriptions rectal effluents and actual bowel preparation quality.

METHODS
=======

1. Selection of Patients
------------------------

Patients who underwent a colonoscopy at Asan Medical Center, Seoul, Korea, were enrolled in this prospective and observational study between September 2010 and November 2010. During this period, 432 patients underwent a colonoscopy performed by a single endoscopist (Yang DH). 4 L of polyethylene glycol (PEG) solution was prescribed for bowel preparation. The following patients were not asked to participate in this survey: patients who were illiterate, who underwent emergency colonoscopy, or who had a history of bowel resection. A final series of 138 patients completed our questionnaire. The study was approved by the institutional review board of Asan Medical Center (Approval Number: S2014-1254-0001).

2. Method
---------

Patients were asked to fill out a questionnaire that included patient factors (age, sex, body weight, height, history of abdominal surgery, objectives of the examination, and defecation frequency), procedural factors (amount of bowel preparation agent taken, time interval between the last PEG dose and colonoscopy), and the nature of the patient\'s last three consecutive rectal effluents. Five photographic examples of rectal effluents were provided as a reference and scored as follows: 1, clear liquid; 2, turbid liquid; 3, particulate liquid; 4, liquid with small amounts of feces; and 5, semi-solid stool ([Fig. 1](#F1){ref-type="fig"}). Therefore, if the sum of the last three consecutive rectal effluent score was 3, this represented the clearest rectal effluent status possible. The result of the questionnaire was blinded to the endoscopist. The quality of bowel preparation was assessed by using Aronchick scale i.e., excellent, no more than small bits of adherent feces/fluid; good, small amounts of feces or fluid not interfering with the exam; fair, enough feces or fluid to prevent a completely reliable exam: poor, large amount of fecal residue requiring additional cleansing; inadequate, re-preparation needed.[@B8] These five scales of bowel preparation were divided into two categories: the optimal group included the patients ranging from excellent to good preparation, and the suboptimal group from fair to inadequate preparation. The endoscopist routinely described the presence of diverticula. All other descriptions related to the colonoscopic findings were performed by the endoscopist immediately after the procedure.

3. Statistical Analysis
-----------------------

Continuous variables were compared using Student\'s t-test or the Wilcoxon rank-sum test, and categorical variables were compared using the chi-square test or Fisher\'s exact test, as appropriate. Preparation outcomes were grouped into two levels (excellent to good *vs*. fair to inadequate). Both univariate and multivariate logistic regression models were applied to identify any association between bowel preparation quality and patient characteristics. Receiver operating characteristic (ROC) analysis was conducted to identify the cut-off level for suboptimal preparation. Analyses were performed using R software, version 2.15.2 (R Foundation for Statistical Computing, Vienna, Austria) and SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA). All reported *P*-values are two-sided, and *P*-values of less than 0.05 were considered as statistically significant.

RESULTS
=======

1. Patient Characteristics and Demographic Features
---------------------------------------------------

A total of 138 patients participated in this study and completed the study questionnaire. The mean patient age was 56.5 years (SD=10.4) and 81 of the 138 (58.7%) patients were male. The mean BMI was 24.0 kg/m^2^ (SD=3.4). The indications of colonoscopy included removal of colon polyps detected in other clinics (n=67), screening for colorectal cancer (n=29), surveillance after previous polypectomy (n=20), follow up of IBD (n=4), work-up for fever of unknown origin, and other assorted abdominal symptoms (n=17). Forty patients (29.0%) had a history of previous abdominal surgery. Colonoscopy was performed in the morning session for 65 patients (47.1%) and in the afternoon session for the remaining 73 patients. The mean amount of PEG taken was 3,978 mL (SD=241). The mean value of the last three rectal effluents was 5.88 (SD=2.03). Baseline characteristics and demographic features are summarized in [Table 1](#T1){ref-type="table"}.

2. Results of Colonoscopy
-------------------------

Cecal intubation was performed in all procedures. The endoscopist rated the quality of bowel preparation of his/her patients as follows: 6, excellent; 88, good; 35, fair; and 9, poor. Normal findings were seen in 41 patients. Eighty-seven patients had non-advanced adenomas, and 23 had advanced adenomas. Three patients had early colorectal cancer and one patient had advanced colorectal cancer. Four patients had IBDs and one had colonic lymphoma. None of the patients had obstructive lesions.

Finally, 25 patients had one or more colonic diverticula and 24 of these had diverticula in their cecum or ascending colon. Last rectal effluent scores and the result of bowel preparation quality are summarized in [Table 2](#T2){ref-type="table"}.

3. Factors Associated With Suboptimal Preparation
-------------------------------------------------

Patients were divided into two groups according to their bowel preparation status: optimal (excellent to good) or suboptimal (fair to inadequate). The mean last rectal effluent score was not different between the two groups (1.41±0.56 in the optimal group and 1.61±0.72 in the suboptimal group, *P*=0.111). The mean of the last three consecutive rectal effluent scores was higher in the suboptimal group than in the optimal group (6.43±2.03 *vs*. 5.63±1.98, *P*=0.034). However, the median values of the sum of the last three consecutive rectal effluent scores were not different between the two groups (6 \[range 3-12\] *vs*. 6 \[range 3-10\]) ([Fig. 2](#F2){ref-type="fig"}). According to univariate regression analysis, the presence of colonic diverticula and the sum of the last three rectal effluent scores showed significant associations with suboptimal bowel preparation quality ([Table 3](#T3){ref-type="table"}). In multivariate regression analysis, the presence of diverticula (OR, 0.16; 95% CI, 0.06-0.43; *P*\<0.001) and the sum of the last three rectal effluent scores (OR, 0.82; 95% CI, 0.68-0.99; *P*=0.043) remained significant ([Table 4](#T4){ref-type="table"}). ROC analysis was performed to identify the value of the last three consecutive rectal effluent scores that could differentiate suboptimal bowel preparation status, and 4 was the best cut-off value, with 0.955 sensitivity, 0.202 specificity, 0.359 positive predictive value, 0.905 negative predictive value, and 0.608 (95% CI, 0.510-0.706) area under the curve ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

Previous studies have suggested that patient assessments of bowel preparation are not reliable.[@B6],[@B7] Harewood et al.[@B7] reported that patient assessments of their own bowel preparation quality, based on the nature of the rectal effluent, are not reliable as patients tended to overestimate the cleanliness of their colon. Fatima et al.[@B6] reported only a slight agreement between the patient\'s description of their effluent and the colonoscopist\'s description of the bowel preparation. However, in these studies, the questions relating to the status of the rectal effluent after administration of the bowel preparation regimen were somewhat subjective and lacked clarity. We hypothesized that guidance provided by photographic examples of rectal effluent might help to improve the correlation between self-assessments of rectal effluents and bowel preparation quality assessments made by endoscopists. Moreover, we also asked patients to rate the status of their last three consecutive rectal effluents because merely describing the status of the latest rectal effluent might not be sufficient to estimate the true bowel preparation status. Indeed, the sum of the last three rectal effluent scores was found to be associated with bowel preparation status in our study. However, despite showing statistical significance, the OR was relatively small, and the median values of the sums of the last three consecutive rectal effluent scores in the two groups were the same. According to ROC analysis, the cutoff level was 4 for differentiating the suboptimal group from the optimal group. However, specificity and area under the curve value were insufficient to confirm this cut-off value. To determine the precise cut-off level, further investigation is needed with more patients. Hence, photographic rectal effluents scores based on photographic example guidance could not guarantee sufficient bowel preparation status.

Many risk factors for poor bowel preparation have previously been demonstrated. For example, later colonoscopy starting time, failure to follow preparation instructions, inpatient status, procedural indication of constipation, history of taking tricyclic antidepressants, male sex, history of stroke or dementia, history of cirrhosis, lower patient activation, and obesity have been found to be associated with poor bowel preparation status.[@B9],[@B10],[@B11] In the present study, we also tried to identify other predictive factors for bowel preparation status. Unprecedentedly, this study showed that the presence of colonic diverticulosis was a significant risk factor for suboptimal bowel preparation. To our knowledge, the association between bowel preparation and colonic diverticulosis has not been intensively investigated. Most diverticula in Asian patients are located in the right side of the colon.[@B12],[@B13] As the right side of the colon is larger, feces filling the hollow space may not be cleared by the standard amount of agent administered. Recent studies into interval colorectal cancer have suggested that interval colorectal cancer was associated with the presence of diverticular diseases, which may itself hinder adequate observation because of the structural characteristics of colons with diverticulosis.[@B14],[@B15],[@B16] However, based on the findings of the present study, diverticula also affect bowel preparation quality, and may also be related with interval colorectal cancer. Further studies should be performed to identify the association between diverticular diseases and the quality of bowel preparation, and reanalyzing the raw data collected from the several prospective bowel preparation studies in Korea could be the first step toward assessing the association between bowel preparation quality and diverticulosis.[@B17],[@B18],[@B19]

Our study has several limitations. First, this study was performed by a single endoscopist in a single hospital, and selection bias might have influenced the results, although the endoscopist was blind to the patients\' responses to the questionnaire. Second, the number of patients was relatively small. Third, the endoscopist used the Aronchick scale to assess bowel preparation status. Although this is a clinically useful bowel preparation scale, it lacks the complexity that would be needed to accurately reflect bowel preparation quality. In conclusion, rectal effluent scores based on photographic examples showed statistically significant association with bowel preparation quality. However, according to www.irjournal.org 159 ROC analysis, patients\' descriptions of their rectal effluents could not effectively predict the quality of bowel preparation. The presence of diverticula is independently predictive of suboptimal bowel preparation, and further investigations are needed to confirm the association between the colonic diverticulosis and bowel preparation quality.
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![Photographic examples of rectal effluent shown to patients for reference. (A) Clear liquid (score 1); (B) turbid liquid (score 2); (C) particulate liquid (score 3); (D) liquid with small amount of feces (score 4); (E) semi-solid stool (score 5).](ir-13-153-g001){#F1}

![Box plot of the sum of the scores of the three rectal effluents between the two study groups. The box plot shows the median and range of each group. The suboptimal and optimal groups showed the same median value of 6, with ranges of 3-12 and 3-10, respectively.](ir-13-153-g002){#F2}

![Receiver-operating-characteristic (ROC) curve for discriminating suboptimal bowel preparation status with three consecutive rectal effluent scores. The sensitivity, specificity, area under the curve, and cutoff point for suboptimal bowel preparation were 0.955, 0.202, 0.608, and 4, respectively.](ir-13-153-g003){#F3}

###### Characteristics of Enrolled Patients
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Values are presented as n (%) or mean±SD.

PEG, polyethylene glycol.

###### The Last Rectal Effluent Score and Bowel Preparation Quality Results

![](ir-13-153-i002)

Values are presented as n (%).

###### Univariate Regression Analysis of Variables Associated With Optimal Bowel Preparation
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PEG, polyethylene glycol.

###### Multivariable Regression Analysis of Variables Associated With Optimal Bowel Preparation
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